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LIGHT-EMITTING DEVICE HAVING OPTICAL
RESONANCE LAYER

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2004-0091490, filed
on Nov. 10, 2004, which is hereby incorporated by reference
for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a light-emitting
device, and more particularly, to a light-emitting device
having an optical resonance layer that provides increased
light coupling efficiency.

[0004] 2. Description of the Related Art

[0005] Light-emitting efficiency of light-emitting devices,
and in particular, flat panel displays such as liquid crystal
displays (LLCDs) and electroluminescent (EL) devices, is
classified into internal efficiency and external efficiency.
Internal efficiency depends upon photoelectric conversion
efficiency of organic light-emitting materials. External effi-
ciency, also referred to as light coupling efficiency, depends
on refractive indices of the layers constituting an organic
light-emitting diode (OLED). Since OLEDs have lower light
coupling efficiency than other displays, such as cathode ray
tubes (CRTs) or plasma display panels (PDPs), their display
characteristics, such as brightness, lifetime, etc. must be
improved.

[0006] The primary reason why OLEDs have lower light
coupling efficiency than other displays is that when light is
emitted from an organic layer in the OLEDs at an angle
greater than a critical angle, total internal reflection occurs
at an interface between a higher refractive-index layer, such
as an I'TO electrode layer, and a lower refractive-index layer,
such as a substrate, thereby preventing the light from being
emitted outside of the OLEDs. Thus, due to the total internal
reflection at the interface, only about % of the light emitted
from the organic light-emitting layer may be emitted outside
of the OLED:s.

[0007] Japanese Laid-Open Patent Publication No. Sho
63-172691 describes an OLED for preventing reduction of
light coupling efficiency. The OLED includes a substrate
capable of collecting light, such as a projection lens. How-
ever, such a projection lens cannot be easily formed on a
substrate since pixels for the emission of the organic layer
are very small.

[0008] Japanese Laid-Open Patent Publication No. Sho
62-172691 describes an OLED in which a first dielectric
layer is interposed between a transparent electrode layer and
a light-emitting layer, and a second dielectric layer is formed
on the transparent electrode layer, the second dielectric layer
having a refractive index corresponding to about an average
of a refractive index of the first dielectric layer and a
refractive index of the transparent electrode layer.

[0009] Japanese Laid-Open Patent Publication No. Hei
1-220394 describes an OLED of which a bottom electrode,
an insulating layer, a light-emitting layer, and a top electrode
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are formed on a substrate and a mirror for reflecting light is
formed on a sidewall of a light-emitting layer.

[0010] However, since the light-emitting layer is very thin,
it is very difficult to install the mirror on the sidewall and
thus, its installation may increase production costs.

[0011] To overcome these problems, Japanese Laid-Open
Patent Publication No. Hei 11-283751 describes an organic
light-emitting device having an organic layer or multi-
organic layers interposed between an anode electrode and a
cathode electrode and having diffraction lattices and a zone
plate as constitutional elements. Light emitted from the
organic layer can be extracted due to light scattering
obtained by forming the diffraction lattices near an interface
between layers having refractive indexes different from each
other. However, a production process of the diffraction
lattice layer is complicated and since a surface of the
diffraction lattice layer is curved, a thin layer formed on the
diffraction layer cannot be easily patterned and a separate
planarization process for filling curved portions of the
surface is required.

[0012] Japanese Laid-Open Patent Publication Nos. Hei
8-250786, 8-213174, and 10-177896 describe OLEDs using
a concept of optical microcavity.

[0013] The OLEDs have multi-layered translucent mirrors
interposed between a glass substrate and an ITO electrode
and the translucent mirrors together with a metal cathode
electrode, which functions as a reflective layer, function as
optical resonators. The translucent mirrors are formed by
multi-layering a TiO, layer having a high refractive index
and a SiO, layer having a low refractive index in turn. A
reflectance can be controlled by varying the number of layer
in the multi-layer and thus the optical cavity can be gener-
ated. As the number of layers constituting the translucent
mirrors increases, the reflective property is improved. How-
ever, to control a reflectance of light having a specific
wavelength, the number and thickness of the layers to be
layered must be accurately chosen. Thus, the production
process of an OLED is complicated. The OLEDs have high
brightness and high color purity, but small view angle and
narrow spectrum.

[0014] In full color displays, a thickness of a layer and a
depth of cavity, etc., must vary according to red, green, and
blue colors. Thus, the production process is complicated and
the production costs are high.

SUMMARY OF THE INVENTION

[0015] This invention provides a light-emitting device
which has a simple structure and can be manufactured in a
simple process, has increased light coupling efficiency and
brightness, and can reduce adverse effects of optical reso-
nance on view angle and emission spectrum.

[0016] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by practice
of the invention.

[0017] The present invention discloses a light-emitting
device including a substrate, a light-emitting diode arranged
on the substrate, an optical resonance layer separate from the
light-emitting diode and inducing resonance of light emitted
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from the light-emitting diode, and an interlayer arranged
between the optical resonance layer and the light-emitting
diode.

[0018] The present invention also discloses a light-emit-
ting device including a substrate, a light-emitting diode
arranged on the substrate, an optical resonance layer
arranged between the light-emitting diode and the substrate
and inducing resonance of light emitted from the light-
emitting diode, and an interlayer arranged between the
optical resonance layer and the light-emitting diode.

[0019] The present invention also discloses a light-emit-
ting device including a substrate, a light-emitting diode
arranged on the substrate, an optical resonance layer
arranged on the light-emitting diode and inducing resonance
of light emitted from the light-emitting diode, and an inter-
layer arranged between the optical resonance layer and the
light-emitting diode.

[0020] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention, and together with
the description serve to explain the principles of the inven-
tion.

[0022] FIG. 1 shows a schematic cross-sectional view of
a bottom emission type organic light-emitting device
according to an embodiment of the present invention;

[0023] FIG. 2 shows a schematic cross-sectional view of
a bottom emission type organic light-emitting device
according to another embodiment of the present invention;

[0024] FIG. 3 shows a schematic cross-sectional view of
a top emission type organic light-emitting device according
to still another embodiment of the present invention;

[0025] FIG. 4 shows a schematic cross-sectional view of
a top emission type organic light-emitting device according
to yet another embodiment of the present invention;

[0026] FIG. 5 shows the organic light-emitting device
illustrated in FIG. 1, in which an organic resonance layer
has a different thickness for each of red, green, and blue
pixels;

[0027] FIG. 6 shows the organic light-emitting device
illustrated in FIG. 2, in which an organic resonance layer
has a different thickness for each of red, green, and blue
pixels;

[0028] FIG. 7 shows a schematic cross-sectional view of
bottom emission type, passive matrix (PM) organic light-
emitting device according to a further embodiment of the
present invention;

[0029] FIG. 8 shows a schematic cross-sectional view of
bottom emission type, passive matrix (PM) organic light-
emitting device according to a further embodiment of the
present invention;
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[0030] FIG. 9 shows a schematic cross-sectional view of
a bottom emission type, active matrix (AM) organic light-
emitting device according to a further embodiment of the
present invention;

[0031] FIG. 10 shows a schematic cross-sectional view of
a bottom emission type, active matrix (AM) organic light-
emitting device according to a further embodiment of the
present invention;

[0032] FIG. 11 shows a schematic cross-sectional view of
top emission type, AM organic light-emitting device accord-
ing to a further embodiment of the present invention;

[0033] FIG. 12 shows a graph of a thickness of a first layer
vs. an increasing rate of efficiency in the organic light-
emitting device obtained in Example 1;

[0034] FIG. 13 shows a graph of a thickness of a second
layer vs. an increasing rate of efficiency in the organic
light-emitting obtained in Example 2; and

[0035] FIG. 14 shows a graph of a thickness of a second
layer vs. an increasing rate of efficiency in the organic
light-emitting obtained in Example 3.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0036] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure is thorough, and will fully convey the scope
of the invention to those skilled in the art. In the drawings,
the size and relative sizes of layers and regions may be
exaggerated for clarity.

[0037] 1t will be understood that when an element such as
a layer, film, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another
element, there are no intervening elements present.

[0038] FIG. 1 shows a schematic cross-sectional view of
an organic light-emitting device according to an embodi-
ment of the present invention.

[0039] Referring to FIG. 1, the organic light-emitting
device comprises a substrate 1 which is composed of a
transparent material, an optical resonance layer 2 formed on
the substrate 1, an interlayer 3 formed on the optical
resonance layer 2, and a light-emitting diode 4 formed on the
interlayer 3. An encapsulation part (not shown), for example
glass, a film, or a metal cap which encapsulates the light-
emitting diode 4 to block the light-emitting diode 4 from the
outside 10 may be further formed on the light-emitting diode
4. Hereinafter, schematic structures of organic light-emitting
devices in which the encapsulation parts are omitted will be
explained in the following embodiments of the present
invention.

[0040] The substrate 1 may be made of transparent glass
which comprises SiO, as a primary component. The organic
light-emitting device may further comprise a buffer layer
(not is shown) on the transparent substrate 1 in order to make
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a surface of the substrate 1 smooth and prevent penetration
of'element impurities. The buffer layer may be made of SiO,
and/or SiN,, etc. The substrate 1 may be made of transparent
plastics, not being limited to the above-mentioned material.

[0041] The light-emitting diode 4 comprises a first elec-
trode layer 41 and a second electrode layer 43 disposed
opposite to each other and a light-emitting layer 42 inter-
posed between the first electrode layer 41 and the second
electrode layer 43.

[0042] The first electrode layer 41 may be made of a
transparent conductive material, for example indium tin
oxide (ITO), indium zinc oxide (IZ0), In,O;, and ZnO, and
have a predetermined pattern using a photolithographic
method. The first electrode layer 41 may be patterned in a
shape of strips which are separated from each other by a
predetermined distance in case of a passive matrix (PM)
type organic light-emitting device or in a shape correspond-
ing to pixels in case of an active matrix (AM) type organic
light-emitting device. The AM type device further comprises
a thin film transistor (TFT) layer having at least one TFT on
the substrate 1 below the first electrode layer 41 and the first
electrode layer 41 is electrically connected to the TFT layer.
Exemplary embodiments regarding the PM and AM type
devices will be described in detail later.

[0043] The first electrode layer 41 may be connected to an
external terminal (not shown) and function as an anode
electrode.

[0044] The second electrode layer 43 is formed above the
first electrode layer 41. The second electrode layer 43 may
be a reflective electrode and made of, for example,alu-
minium, silver, or calcium. The second electrode layer 43
may be connected to a second external electrode terminal
(not shown) and function as a cathode electrode.

[0045] The second electrode layer 43 may be formed in a
shape of strips which are perpendicular to the pattern of the
first electrode layer 41 in case of the PM type device or in
a shape corresponding to pixels in case of the AM type
device. In case of the AM type device, the second electrode
layer 43 may be formed covering all the regions in which
images are realized. Exemplary embodiments regarding the
PM and AM type devices will be described in detail later.

[0046] The light-emitting layer 42, which is interposed
between the first electrode layer 41 and the second electrode
layer 43, emits light by electrical driving of the first elec-
trode layer 41 and the second electrode layer 43. A light-
emitting device is classified into an organic light-emitting
device or an inorganic light-emitting device according to the
type of the light-emitting layer 42.

[0047] In the organic light-emitting device, the light-
emitting layer 42 can be made of a small molecular organic
material or a polymer material.

[0048] When the light-emitting layer 42 is a small molecu-
lar organic layer made of a small molecular organic material,
the light-emitting layer 42 may have a structure in which a
hole transport layer and a hole injection layer are layered on
an organic emission layer (EML) in a direction to the first
electrode 41, and an electron transport layer and an electron
injection layer are layered on the EML in a direction to the
second electrode layer 43. In addition to the hole transport
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layer, the hole injection layer, the electron transport layer,
and the electron injection layer, other layers may also be
layered.

[0049] Examples of the small molecular organic material
which can be used include, but are not limited to, copper
phthalocyanine (CuPc), N,N'-di(naphthalene-1-y1)-N,N'-
diphenyl-benzidine (NPB), and tris-8-hydroxyquinoline alu-
minum (Alq3).

[0050] When the light-emitting layer 42 is a polymer
organic layer made of the polymer is material, the light-
emitting layer 42 may have a structure in which only a hole
transport layer is layered on an EML in a direction to the first
electrode 41. The polymer hole transport layer can be
formed on the first electrode layer 41 using, for example,
inkjet printing or spin coating using poly-(2,4)-ethylene-
dihydroxy thiophene (PEDOT) or polyaniline (PANI), etc.
Examples of the high molecular weigh organic material
include, but are not limited to, poly(p-phenylenevinylene
(PPV), soluble PPV’s, cyano-PPV, and polyfluorene. Color
patterns may be formed using conventional methods, such as
inkjet printing, spin coating, or thermal transfer method
using a laser.

[0051] In the inorganic light-emitting device, the light-
emitting layer 42 may be made of alkali earth potassium
sulfides, for example, ZnS, SrS, CaS, CaCa,S,, SrCa,S,,
BaALS, and emission center elements, such as transtion
metal or alkali earth metal, for example Mn, Ce, Th, Eu, Tm,
Er, Pr, Pb, and insulating layers are interposed between the
light-emitting layer 42 and the first electrode layer 41 and
between the light-emitting layer 42 and the second electrode
layer 43.

[0052] Inthe embodiment illustrated in FIG. 1, light from
the light-emitting layer 42 of the light-emitting diode 4 is
emitted in the direction indicated by the arrow illustrated in
FIG. 1, toward the substrate 1.

[0053] In the embodiment illustrated in FIG. 1, an optical
resonance layer 2, which induces resonance of light emitted
from the light-emitting diode 4, is interposed between the
substrate 1 and the light-emitting diode 4. An interlayer 3 is
shown as interposed between the optical resonance layer 2
and the light-emitting diode 4. However the invention
includes such embodiments where an interlayer 3 is not
interposed between the optical resonance layer 2 and the
light-emitting diode 4.

[0054] The optical resonance layer 2 comprises a first
layer 21 and a second layer 22, sequentially layered in a
direction away from the light-emitting diode 4.

[0055] The second layer 22 has a higher refractive index
than the first layer 21. The second layer 22 can have a
refractive index higher than the refractive index of the first
layer 21 by about 0.2 or more.

[0056] The first layer 21 may have a refractive index of
about 1.0 to about 1.6. The first layer 21 may be made of
nano porous silica (NPS), siloxane, magnesium fluoride
(MgF,), calcium fluoride (CaF,), silica aero gel, silicon
oxide (Si0,), or a synthetic resinous fluorine-containing
polymer sold under the trademark TEFLON®.

[0057] The NPS has a plurality of pores and may absorb
moisture and oxygen while maintaining its transparency.
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Since absorbed moisture can adversely affect the lifetime of
the organic light emitting device, the NPS layer can be
hydrophobic.

[0058] The NPS layer can be produced using various
methods. One method is described below.

[0059] First, a first mixture is obtained by mixing 0.3 g of
a surfactant with 0.6 g of a solvent. The surfactant is a
polymer and the solvent is a mixture of propanol and butanol
in a mixing ratio of 1:2. A second mixture is obtained by
mixing 5 g of tetra-ethyl-ortho-silicate (TEOS), 10.65 g of
a solvent, and 1.85 g of HCL.

[0060] The second mixture is stirred for about one hour
and a third mixture is obtained by mixing 2.1 g of the second
mixture with the first mixture. Then, the third mixture is
coated on a substrate. Coating is performed, for example,
with spin coating, spray coating, or roll coating. Spin coating
is performed at 2000 rpm for about 30 seconds. Then, the
coated substrate is aged at room temperature for about 24
hours or at between 40° C. and 50° C. for about 5 hours. In
order to form pores for absorbing moisture, the aged sub-
strate is baked in an oven at 400° C. for about 2 hours,
thereby burning the polymer. The obtained NPS layer has a
thickness of about 100 nm to 400 nm. The above process can
be repeated to form a thin film having a desired thickness.
The quantities of the materials described above are disclosed
to represent ratios of the materials and can be adjusted
proportionally to produce desired quantities of the NPS
layer.

[0061] In another method, ammonia (NH,,H) is added to
30 g of H,O to make the water basic, to which 10 g of
tetraethyl ortho silicate (TEOS) is added. The resultant
mixture is hydrolyzed and polycondensated by heating it for
about 3 hours or more while stirring. Then, an acid, for
example, an organic acid or an inorganic acid, is added to the
resultant solution.

[0062] To increase its stability, 13.2 g of 30% by weight
water-soluble acrylic resin is added to the resultant mixture
and stirred, thus obtaining a uniform solution.

[0063] The uniform solution is coated on a substrate and
roll coating is performed at 180 rpm for 120 seconds, and
then, the coated substrate is dried in a dry oven for about 2
minutes to remove a residual solvent from the coating. The
above process may be repeated to increase the thickness of
the obtained film.

[0064] The resultant product may be heated at 500° C. for
about 30 minutes to remove the polymer and the organic
material and cure the silica. The quantities of the materials
described above are disclosed to represent ratios of the
materials and can be adjusted proportionally to produce
desired quantities of the NPS layer.

[0065] The NPS layer obtained contains pores. The pores
generally have a size of about 1 nm to about 50 nm. The size
of the pores can be controlled by adjusting the size of the
polymer used in the first mixture. A pore density can be
about 80%. The NPS layer may be formed using, for
example, spin coating, spray coating, or roll coating,
described above.

[0066] The second layer 22 can have a refractive index of
about 1.6 to about 2.3. The second layer 22 may be made of,
for example, silicon nitride (Si;N,), titanium oxide (TiO,),
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hafnium dioxide (HfO,), niobium oxide (Nb,Oj), tantalum
oxide (Ta,Oys), antimony oxide (Sb,0;), synthetic polymer,
or benzocylobutene (BCB).

[0067] The interlayer 3 may be made of material which
has a refractive index between the refractive index of the
first layer 21 and the refractive index of the second layer 22.
The interlayer 3 may have a refractive index of about 1.3 to
about 2.3. The interlayer 3 may be made of silicon oxide
(Si0,), BCB, silicon nitride (Si;N,), or a hybrid inorganic-
organic polymer sold under the trademark ORMOCER®.
The material used in manufacturing interlayer 3 may be a
denser material than the material used to manufacture the
first layer 21. Although all embodiments shown in the
figures and described herein include the interlayer, the
interlayer is an optional layer and may be left out of any
embodiment of the invention.

[0068] The optical resonance layer 2 induces optical reso-
nance of the light emitted from the light-emitting layer 42.
Referring to FIG. 1, the optical resonance is generated
between a bottom surface of the second electrode layer 43
and an interface, the interface being between the first layer
21 made of a low refractive index material and the second
layer 22 made of a high refractive index material, and
further, between the bottom surface of the second electrode
layer 43 and an interface, the interface being between the
second layer 22 and the substrate 1.

[0069] Due to the optical resonance, the light emitted from
the light-emitting layer 42 of the light-emitting diode 4 can
be easily extracted to the outside of the display, thereby
increasing light-emitting efficiency. The optical resonance is
generated on an outside of the light-emitting diode 4 and a
view angle is controlled by adjusting reflectance of the
resonance surface.

[0070] Referring to FIG. 1, resonance thicknesses are
designated by t1 and t2 that can be obtained from the
following equations:

f=(mh)2,
2=n+1)M4,
wherein

[0071] t1 is a distance from the bottom surface of the
second electrode layer 43 to the interface between the first
layer 21 and the second layer 22;

[0072] t2 is a distance from the bottom surface of the
second electrode layer 43 to the interface between the
second layer 22 and the substrate 1;

[0073] n is a positive integer; and

[0074] X is a wavelength of light emitted from the light-
emitting layer 42.

[0075] t1 may be controlled by adjusting a thickness of at
least one of the first layer 21 and the interlayer 3, and t2 may
be controlled by adjusting a thickness of the second layer 22.

[0076] In an embodiment of the present invention, the
interlayer 3 functions as a passivation layer which is inter-
posed between the optical resonance layer 2 and the light-
emitting diode 4 and prevents oxygen and moisture in the
substrate 1 from penetrating into the light-emitting diode 4
or planarizes the surface of the optical resonance layer 2. In
addition to these functions, the interlayer 3 may have other
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functions. For example, optical resonance can occur due to
total reflection at an interface between the interlayer 3 and
the first layer 21 which has a low refractive index.

[0077] According to an embodiment illustrated in FIG. 2,
the optical resonance layer 2 may be comprised of only a
first layer 21. Materials constituting the first layer 21 are the
same described above.

[0078] Inthe embodiment illustrated in FIG. 2, the optical
resonance occurs between a bottom surface of the second
electrode layer 43, which is a reflection interface between
second electrode layer 43 and light-emitting layer 42, and an
interface between the first layer 21 and the substrate 1.

[0079] A resonance thickness is designated by t3. t3 can be
obtained from the following equation:

B=(nh)/2,

wherein

[0080] t3 is a distance from the bottom surface of the
second electrode layer 43 to a bottom surface of the first
layer 21;

[0081] n is a positive integer; and

[0082] X is a wavelength of light emitted from a light-
emitting layer 42.

[0083] t3 may be controlled by adjusting a thickness of at
least one of the first layer 21 and the interlayer 3.

[0084] In the embodiments illustrated in FIGS. 1 and 2,
bottom emission type organic light-emitting devices in
which light is emitted in a direction to the substrate 1 are
explained, but the present invention is not limited thereto.

[0085] FIG. 3 shows a schematic cross-sectional view of
a top emission type organic light-emitting device according
to another embodiment of the present invention.

[0086] Referring to FIG. 3, an optical resonance layer 2
comprises a first layer 21 and a second layer 22 as in FIG.
1. Unlike the embodiment illustrated in FIG. 1, a light-
emitting diode 4 is formed on a substrate 1, an interlayer 3
is formed on the light-emitting diode 4, and the first layer 21
and the second layer 22 are sequentially formed on the
interlayer 3.

[0087] A first electrode 41 of the light-emitting diode 4
comprises a first reflective electrode 411 and a first trans-
parent electrode 412. The first reflective electrode 411 may
be made of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or any
compounds thereof. The first transparent electrode 412 may
be made of a material having a high work function, such as
1TO, 170, ZnO, or In,0O;.

[0088] A second electrode layer 43 may be a transparent
electrode and may comprise a second metal electrode 431
which has a low work function and a second transparent
electrode 432 formed on the second metal electrode 431.
The second metal electrode 431 may be made of Li, Ca,
LiF/Ca, LiF/Al, Al, Mg, or any compounds thereof. The
second transparent electrode 432 may be made of ITO, 170,
710, or In,0;.

[0089] Thus, the optical resonance is generated between a
top surface of the first reflective electrode 411 and an
interface, the interface being between the first layer 21 and
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the second layer 22, and further, between the top surface of
the first reflective electrode 411 and a top surface of the
second layer 22.

[0090] Referring to FIG. 3, resonance thicknesses are
designated by t4 and t5. t4 and t5 can be obtained from the
following equations:

H=(nh)/2,
5=(2n+1)M4,

wherein

[0091] t4 is a distance from the top surface of the first
reflective electrode 411 to the interface between the first
layer 21 and the second layer 22;

[0092] t5 is a distance from the top surface of the first
reflective electrode 411 to the top surface of the second layer
22;

[0093] n is a positive integer; and

[0094] X is a wavelength of light emitted from the light-
emitting layer 42.

[0095] t4 may be controlled by adjusting a thickness of at
least one of the first layer 21 and the interlayer 3, and t5 may
be controlled by adjusting a thickness of the second layer 22.

[0096] FIG. 4 shows a schematic cross-sectional view of
a top emission type organic light-emitting device according
to another embodiment of the present invention.

[0097] Referring to FIG. 4, an optical resonance layer 2 is
comprised of only a first layer 21 as in FIG. 2. Other
constitutional elements than the optical resonance layer 2 are
the same as in the embodiment in FIG. 3 and detailed
description thereof will not be repeated.

[0098] Inthe embodiment illustrated in FIG. 4, the optical
resonance occurs between the top surface of the first reflec-
tive electrode 411 and the top surface of the first layer 21.

[0099] A resonance thickness is designated by t6. t6 can be
obtained from the following equation:

16=(n0)/2,
wherein

[0100] t6 is a distance from the top surface of the first
reflective electrode 411 to the top surface of the first layer
21;

[0101] n is a positive integer; and

[0102] A is a wavelength of light emitted from a light-
emitting layer 42.

[0103] t6 may be controlled by adjusting a thickness of at
least one of the first layer 21 and the interlayer 3.

[0104] FIG. 5 shows the organic light-emitting device
illustrated in FIG. 1, in which a light-emitting layer 42
comprises a red light-emitting layer 421, a green light-
emitting layer 422, and a blue light-emitting layer 423, thus
forming a red pixel (R), a green pixel (G), and a blue pixel
B).

[0105] Since the light-emitting region of each R, G, B
pixels has a different emission spectrum and wavelength, a
resonance thickness which can maximize efficiency of each
pixel can be selected accordingly. Thus, in order to maxi-
mize the light-emitting efficiency of all R, G, B pixels, a first
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layer 21 and a second layer 22 must be formed to have
different thicknesses according to the color of the pixel such
that a resonance thickness which can provide the maximum
light-emitting efficiency is formed for each pixel.

[0106] To accomplish this, the second layer 22, which can
be made of Si;N,, is formed on a substrate 1 using, for
example, plasma enhanced chemical vapor deposition
(PECVD) and step differences are formed on the second
layer 22 using a conventional dry etching using a photoresist
as an etch mask, such that the second layer 22 has different
thicknesses corresponding to each of the R, G, B pixels.
Then, the surface can be planarized by spin coating the first
layer 21 on the second layer 22, thus obtaining the structure
illustrated in FIG. 5.

[0107] FIG. 6 shows the organic light-emitting device
illustrated in FIG. 2, in which a light-emitting layer 42
comprises a red light-emitting layer 421, a green light-
emitting layer 422, and a blue light-emitting layer 423, thus
forming a red pixel (R), a green pixel (G), and a blue pixel
®).

[0108] Since each light-emitting region of R, G, B pixels
has a different emission spectrum and wavelength, a reso-
nance thickness which can maximize efficiency of each pixel
can be selected accordingly. Thus, in order to maximize the
light-emitting efficiency of all R, G, B pixels, a first layer 21
must be formed to have different thicknesses according to
the color of the pixel such that a resonance thickness which
can provide the maximum light-emitting efficiency is
formed for each pixel.

[0109] To accomplish this, the first layer 21 is formed on
a substrate 1 and step differences are formed on the first
layer 21 such that the first layer 21 has different thicknesses
corresponding to each of the R, G, B pixels. Then, the
surface can be planarized by forming an interlayer 3.

[0110] The different thicknesses of the first layer 21 and
second layer 22 for each pixel as illustrated in FIGS. 6 and
5, respectively, can be applied to the top emission type
light-emitting devices, for example, illustrated in FIGS. 3
and 4, although these embodiments are not shown in the
drawings.

[0111] FIGS. 7 and 8 show schematic cross-sectional
views of bottom emission type, passive matrix (PM) organic
light-emitting devices according to further embodiments of
the present invention.

[0112] Referring to FIG. 7, an optical resonance layer 2
comprises a first layer 21 and a second layer 22, and light
emitted from a light-emitting diode 4 is emitted in the
direction of the substrate 1. The optical resonance layer 2 is
interposed between the substrate 1 and the light-emitting
diode 4. An interlayer 3 is interposed between the optical
resonance layer 2 and the light-emitting diode 4.

[0113] The first electrode layer 41 is arranged in strips on
the interlayer 3 and an internal insulating layer 44 is formed
on the first electrode layer 41 such that the internal insulating
layer 44 divides the first electrode layer 41 into lattice form.
A separator 45 is formed perpendicular to the first electrode
layer 41 and can pattern a light-emitting layer 42 and a
second electrode layer 43. Due to the separator 45, the
light-emitting layer 42 and the second electrode layer 43 can
be patterned to be perpendicular to the first electrode layer
41.
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[0114] Asillustrated in FIG. 7, the optical resonance layer
2 has an identical thickness for each pixel. However, as
illustrated in FIG. 8, the optical resonance layer 2 has a
different thickness for each R, G, B pixel. Thicknesses for
each pixel can be selected and manufactured to achieve
maximum light-emitting efficiency as described above in the
description of FIG. 5, and will not be described again here.

[0115] FIGS. 9 and 10 show schematic cross-sectional
views of bottom emission type, active matrix (AM) organic
light-emitting devices according to further embodiments of
the present invention.

[0116] As illustrated in FIG. 9, light is emitted in the
direction of substrate 1 and the substrate 1 has at least one
Thin Film Transistor (TFT) for each pixel.

[0117] Specifically, a buffer layer 11 is formed on the
substrate 1 and a TFT and a capacitor Cst are formed on the
buffer layer 11.

[0118] An active semiconductor layer 12 having a prede-
termined pattern is formed on the buffer layer 11. A gate
insulating layer 13 made of SiO, or SiN, is formed on the
active layer 12 and a gate electrode 14 is formed on a portion
of the gate insulating layer 13. The gate electrode 14 is
connected to a gate line (not shown) which applies a TFT
on/off signal to the gate electrode 14. An interlayer insulat-
ing layer 15 is formed on the gate electrode 14 and source/
drain electrodes 16 are respectively formed to contact
source/drain regions of the active layer 12 through contact
holes. One electrode 17a of the capacitor Cst is formed
simultaneously with the gate electrode 14 and the other
electrode 175 of the capacitor Cst is formed simultaneously
with source/drain electrodes 16. The structures of the TFT
and the capacitor Cst can be modified in various ways.

[0119] The TFT and the capacitor Cst are protected by
covering them with a passivation layer. As illustrated in
FIG. 9, a second layer 22 of an optical resonance layer 2
functions as the passivation layer. Specifically, the second
layer 22 made of Si;N, may be formed using PECVD.

[0120] A first layer 21 is formed on the second layer 22.
The first layer 21 is made of a is material having a high light
transmittance among the above-mentioned low refractive
index materials. Then, an interlayer 3 is formed to cover the
first layer 21.

[0121] A first electrode layer 41, which functions as an
anode electrode, is formed on the interlayer 3 and a pixel
define layer 46 made of an organic material is formed to
cover the first electrode layer 41. Then, a opening is formed
in the pixel define layer 46 and a light-emitting layer 42 of
the light-emitting diode 4 is formed in a region defined by
the opening. Next, a second electrode layer 43 is formed to
cover the pixels.

[0122] In such an AM type light-emitting device, the
effects of the present invention described above can be
obtained by forming the optical resonance layer 2 and the
interlayer 3 on the TFT.

[0123] The structure of the AM type light-emitting device
can be modified in various ways. For example, as illustrated
in FIG. 10, as a passivation layer 18, a layer of low
refractive index methylsilsesquioxane (MSQ) is used in
place of the second layer 22 illustrated in FIG. 9. In this
case, the passivation layer 18 may be covered with a second
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layer 22 and a first layer 21, and an interlayer 3 may be
sequentially formed on the first layer 21. The other consti-
tutional elements are the same described with respect to
FIG. 9.

[0124] FIG. 11 shows a schematic cross-sectional view of
top emission type AM organic light-emitting device accord-
ing to a further embodiment of the present invention;

[0125] As illustrated in FIG. 11, light is emitted in a
direction away from substrate 1. The structures of the TFT
and capacitor Cst are the same as illustrated in FIG. 10 and
described above.

[0126] A passivation layer 18 is formed on the TFT and
the capacitor to planarize the surface. The passivation layer
18 may have a structure of a single- or multi-layer made of
an inorganic, organic material, or combination thereof.

[0127] A first electrode layer 41, which is reflective type
and has a predetermined pattern, is formed on the passiva-
tion layer 18 and a pixel define layer 46 is formed on the
passivation layer 18 to cover an edge of the first electrode
layer 41.

[0128] Then, a light-emitting layer 42 is formed through
an opening of the pixel define layer 46 and a second
electrode layer 43 is formed to cover the light-emitting layer
42 and the pixel define layer 46. The second electrode layer
43 may be a transparent electrode, as described above, and
may comprise a second metal electrode 431 which has a low
work function and a second transparent electrode 432
formed on the second metal electrode 431.

[0129] An interlayer 3 and an optical resonance layer 2 are
sequentially formed on the second electrode layer 43.

[0130] In such a structure, the interlayer 3 and the optical
resonance layer 2 also function as a passivation layer for the
light-emitting device 4.

[0131] In the PM and AM type devices according to the
embodiments illustrated in FIGS. 7 through 11, the optical
resonance layer 2 comprises both the first layer 21 and the
second layer 22, but the present invention is not limited
these structures. The structures in which the optical reso-
nance layer 2 is composed of only the first layer 21 are
included in the scope of the present invention.

[0132] Inthe embodiments illustrated in FIGS. 9 through
11, only single pixels are illustrated. The structure in which
at least one of the optical resonance layer 2 and the interlayer
3 has different thicknesses for each pixel, as illustrated in
FIG. 1, can be applied to a full color display in which each
pixel has a different color.

[0133] Hereinafter, the present invention will be described
in more detail with reference to the following examples.

EXAMPLE 1

[0134] A test cell having 4 light-emitting regions each
having a size of 2 mmx3 mm was prepared for estimation.
First, a glass substrate was cleaned and NPS having a pore
size of 10 nm or less was coated on the glass substrate.

[0135] Then, the coated substrate was heat-treated in an
oven at 400° C. for 1 hour, thereby forming a first layer 21.
The obtained first layer 21 had a refractive index of 1.2 and
the thicknesses of the first layer 21 for the four regions was
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0, 100, 230, and 300 nm. Then, an interlayer 3 made of SiO,
was deposited to a thickness of 20 nm using sputtering. The
interlayer 3 had a refractive index of 1.45. When a porous
material is used as a material of the first layer 21, the porous
material typically absorbs moisture from the atmosphere,
which deteriorates the lifetime of the organic light-emitting
device. Thus, prior to depositing SiO,, the substrate was
baked in a deposition chamber at 150° C. for 10 minutes to
completely remove the absorbed moisture from the first
layer 21. The interlayer 3 comprised of deposited SiO,
functions as a passivation layer which prevents moisture
from penetrating into the porous material. After forming the
interlayer 3, a first electrode layer 41 made of ITO was
formed to a thickness of 80 nm by sputtering. Next, light-
emitting regions were formed using a conventional pixel
patterning process and polyimide, and then, an organic
light-emitting layer 42 (made of a green fluorescent light-
emitting organic material) which is a constitutional element
of an OLED was deposited on the light-emitting regions
using a depositor and a second electrode layer 43 which is
a metal cathode electrode was formed on the light-emitting
layer 42. Then, a surface of the resultant structure was
encapsulated with a glass substrate to obtain a test cell
element. The obtained test cell had a similar structure to the
embodiment illustrated in FIG. 2.

[0136] FIG. 12 shows a graph of a thickness of a first layer
vs. rate of efficiency in the organic light-emitting device
obtained in Example 1.

[0137] In FIG. 12, the circular points represent values
determined using the four light-emitting regions in the cell
prepared in Example 1. The curved line and square data
points represent a simulation result which reflects the equa-
tion for obtaining the efficiency in light-emission given a
resonance thickness t3, illustrated in FIG. 2.

[0138] Data point I with a first layer 21 thickness of 0 nm
in FIG. 12 corresponds to a normal structure without the
first layer 21 or the interlayer 3 (Comparative Example (I)).
The simulation results were obtained by changing only the
thickness of the first layer 21, but not changing the thickness
of the interlayer 3, which was 20 nm. Thus, the calculat-
edrate of efficiency exceeds 120% of the efficiency of the
Comparative Example (I), which has neither the first layer
21 nor the interlayer 3.

[0139] Front-surface brightnesses of the device were mea-
sured while driving the device at a constant current density
of 30 mA/cm® and light-emitting efficiencies were esti-
mated. As a result, in the structures (II), (III), and (IV) of the
device according to an embodiment of the present invention,
the efficiency was increased to its maximum 1.75 times in
the conditions of Example 1 and it was also confirmed that
the structures (1), (I1T), and (IV) increased the efficiency of
the organic light-emitting device.

EXAMPLE 2

[0140] Inthis Example, a light-emitting device was manu-
factured in which the optical resonance layer 2 comprised
the first layer 21 and the second layer 22 and its basic
structure was the same as the embodiment illustrated in FIG.
1.

[0141] In this structure, a test cell was prepared in the
same manner as in Example 1, except that a second layer 22
made of Si;N, was formed on a substrate 1 using PECVD
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prior to forming the first layer 21. The formed second layer
22 had a refractive index of 2.0.

[0142] FIG. 13 shows a graph of a thickness of a second
layer vs. rate of efficiency in the organic light-emitting
obtained in Example 2. The three curves represent simula-
tion results of the rate of efficiency when thicknesses of a
first electrode layer 41, an interlayer 3, and the first layer 21
were set to 140 nm, 20 nm, and 340 nm, respectively, and a
thickness of the second layer 22 was varied from 100 nm to
400 nm.

EXAMPLE 3

[0143] A light-emitting device with a similar structure as
the device prepared in Example 2 was obtained. However, in
Example 3, the thicknesses of a first electrode layer 41, an
interlayer 3, and the first layer 21 were set to 160 nm, 20 nm,
and 300 nm, respectively, and the thickness of the second
layer 22 was varied from 100 nm to 400 nm. The three
curves shown in FIG. 14 represent simulation results of the
rate of efficiency versus the thickness of the second layer.

[0144] In Example 2, as illustrated in FIG. 13, the effi-
ciency greatly increases in the Red (R) and Blue (B) pixels.
In Example 3, as illustrated in FIG. 14, the efficiency
increases in the R and B pixels at all thicknesses of the
second layer 22, and efficiency increases for the G pixel at
a majority of the simulated thicknesses

[0145] Color coordinates for the device obtained in
Example 2 (FIG. 13) in which the second layer 22 has a
thickness of 260 nm and for the device used as the Com-
parative Example (I) (FIG. 12) were estimated and the
results are shown in Table 1.

TABLE 1

Color coordinate of

Color coordinate of Example Comparative Example (I)

2(x,y) xy)
Red 0.665, 0.334 0.647, 0.352
Blue 0.173, 0.300 0.172, 0.278
Green 0.316, 0.635 0.297, 0.652

[0146] It was confirmed from Table 1 that there is no great
difference between the color coordinates of Example 2 and
Comparative Example ().

[0147] As described above, the present invention is not
limited to organic and inorganic light-emitting devices, but
can be applied to other flat panel displays using LCDs or
electron emitting apparatuses, such as light-emitting diodes.

[0148] According to the present invention, the light-emit-
ting device has the following advantages.

[0149] First, light emitted from a light-emitting diode can
be amplified by forming an optical resonance layer with a
simple structure, thereby increasing light coupling effi-
ciency.

[0150] Second, a resonance structure can be produced in a
simpler manner and a total manufacturing process can be
more simplified.

[0151] Third, brightness can be increased due to the opti-
cal resonance effect without increasing a loss of a view
angle.

[0152] Fourth, light-emitting efficiency can be increased.
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[0153] 1t will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What is claimed is:
1. A light-emitting device comprising:

a substrate;
a light-emitting diode arranged on the substrate;

an optical resonance layer separate from the light-emitting
diode and inducing resonance of light emitted from the
light-emitting diode; and

an interlayer arranged between the optical resonance layer

and the light-emitting diode.

2. The light-emitting device of claim 1, wherein the
optical resonance layer comprises a first layer and a second
layer, the first layer being arranged between the second layer
and the light-emitting diode, and the second layer having a
higher refractive index than the first layer

3. The light-emitting device of claim 2, wherein the
second layer has a higher refractive index than the first layer
by 0.2 or more.

4. The light-emitting device of claim 2, wherein the first
layer has a refractive index in the range of 1 to 1.6.

5. The light-emitting device of claim 2, wherein the first
layer comprises nano porous silica, siloxane, magnesium
fluoride, calcium fluoride, Teflon, silica aero gel, or silicon
oxide.

6. The light-emitting device of claim 2, wherein the
second layer has a refractive index in the range of 1.6 to 2.3.

7. The light-emitting device of claim 2, wherein the
second layer comprises silicon nitride, titanium oxide,
hafnium dioxide, niobium oxide, tantalum oxide, antimony
oxide, synthetic polymer, or benzocylobutene (BCB).

8. The light-emitting device of claim 2, wherein the
interlayer is composed of a denser material than the first
layer.

9. The light-emitting device of claim 2, wherein the
interlayer has a refractive index in the range of 1.3 to 2.3.

10. The light-emitting device of claim 2, wherein the
interlayer comprises Ormocer, silicon oxide, benzocy-
lobutene (BCB), or silicon nitride.

11. The light-emitting device of claim 2, wherein:

the light-emitting diode comprises a pair of electrodes
opposing each other and a light-emitting layer arranged
between the electrodes,

one electrode of the pair of electrodes comprises a reflec-
tive layer that reflects light emitted from the light-
emitting layer, and

the optical resonance layer opposes the reflective layer
with the light-emitting layer arranged therebetween.

12. The light-emitting device of claim 11, satisfying
equation 1:

A=(nM)/2 (1)
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wherein

tl is a distance from a reflection interface of the reflective
layer to an interface between the first layer and the
second layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

13. The light-emitting device of claim 12, wherein t1 is
controlled by adjusting a thickness of at least one of the first
layer and the interlayer.

14. The light-emitting device of claim 11, satisfying
equation 2:

2=n+1)N4 @
wherein

12 is a distance from a reflection interface of the reflective
layer to an outer surface of the second layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

15. The light-emitting device of claim 14, wherein 12 is
controlled by adjusting a thickness of the second layer.

16. The light-emitting device of claim 1, wherein the
optical resonance layer comprises a first layer having a
refractive index in the range of 1 to 1.6, and the interlayer
has a refractive index in the range of 1.3 to 2.3.

17. The light-emitting device of claim 16, wherein the first
layer comprises nano porous silica, siloxane, magnesium
fluoride, calcium fluoride, Teflon, silica aero gel, or silicon
oxide.

18. The light-emitting device of claim 16, wherein the
interlayer comprises Ormocer, silicon oxide, benzocy-
lobutene (BCB), or silicon nitride.

19. The light-emitting device of claim 16, wherein:

the light-emitting diode comprises a pair of electrodes
opposing each other and a light-emitting layer arranged
between the electrodes,

one electrode of the pair of electrodes comprises a reflec-
tive layer that reflects light emitted from the light-
emitting layer, and

the optical resonance layer opposes the reflective layer
with the light-emitting layer arranged therebetween.
20. The light-emitting device of claim 19, satisfying
equation 3:

B3=(nh)/2 3)
wherein

3 is a distance from a reflection interface of the reflective
layer to an outer surface of the first layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

21. The light-emitting device of claim 20, wherein t3 is
controlled by adjusting a thickness of at least one of the first
layer and the interlayer.

22. The light-emitting device of claim 1, wherein the
substrate comprises at least one thin film transistor electri-
cally connected with the light-emitting diode.
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23. The light-emitting device of claim 1, wherein the
light-emitting diode comprises red, green, and blue pixels
comprising red, green, and blue light-emitting layers,
respectively, and the optical resonance layer has a different
thickness for each of the red, green, and blue pixels.

24. The light-emitting device of claim 1, wherein the
light-emitting diode is an organic light-emitting diode.

25. The light-emitting device of claim 1, wherein the
light-emitting diode is an inorganic light-emitting diode.

26. A light-emitting device comprising:

a substrate;
a light-emitting diode arranged on the substrate;

an optical resonance layer arranged between the light-
emitting diode and the substrate and inducing reso-
nance of light emitted from the light-emitting diode;
and

an interlayer arranged between the optical resonance layer

and the light-emitting diode.

27. The light-emitting device of claim 26, wherein the
optical resonance layer comprises a first layer and a second
layer, from the first layer being arranged between the second
layer and the light-emitting diode, and the second layer
having a higher refractive index than the first layer.

28. The light-emitting device of claim 27, wherein the
second layer has a higher refractive index than the first layer
by 0.2 or more.

29. The light-emitting device of claim 27, wherein the first
layer has a refractive index in the range of 1 to 1.6.

30. The light-emitting device of claim 27, wherein the first
layer comprises nano porous silica, siloxane, magnesium
fluoride, calcium fluoride, Teflon, silica aero gel, or silicon
oxide.

31. The light-emitting device of claim 27, wherein the
second layer has a refractive index in the range of 1.6 to 2.3.

32. The light-emitting device of claim 27, wherein the
second layer comprises silicon nitride, titanium oxide,
hafnium dioxide, niobium oxide, tantalum oxide, antimony
oxide, synthetic polymer, or benzocylobutene (BCB).

33. The light-emitting device of claim 27, wherein the
interlayer is composed of a denser material than the first
layer.

34. The light-emitting device of claim 27, wherein the
interlayer has a refractive index in the range of 1.3 to 2.3.

35. The light-emitting device of claim 27, wherein the
interlayer comprises Ormocer, silicon oxide, benzocy-
lobutene (BCB), or silicon nitride.

36. The light-emitting device of claim 27, wherein:

the light-emitting diode comprises a pair of electrodes
opposing each other and a light-emitting layer arranged
between the electrodes,

one electrode of the pair of electrodes comprises a reflec-
tive layer that reflects light emitted from the light-
emitting layer, and

the optical resonance layer opposes the reflective layer
with the light-emitting layer arranged therebetween.

37. The light-emitting device of claim 36, satisfying
equation 4:

tA=(n\)/2 @
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wherein

t4 is a distance from a reflection interface of the reflective
layer to an interface between the first layer and the
second layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

38. The light-emitting device of claim 37, wherein t4 is
controlled by adjusting a thickness of at least one of the first
layer and the interlayer.

39. The light-emitting device of claim 36, satisfying
equation 5:

55=n+1)N4 ®)
wherein

t5 is a distance from a reflection interface of the reflective
layer to an outer surface of the second layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

40. The light-emitting device of claim 39, wherein t5 is
controlled by adjusting a thickness of the second layer.

41. The light-emitting device of claim 26, wherein the
optical resonance layer comprises a first layer having a
refractive index in the range of 1 to 1.6, and the interlayer
has a refractive index in the range of 1.3 to 2.3.

42. The light-emitting device of claim 41, wherein the first
layer comprises nano porous silica, siloxane, magnesium
fluoride, calcium fluoride, Teflon, silica aero gel, or silicon
oxide.

43. The light-emitting device of claim 41, wherein the
interlayer comprises Ormocer, silicon oxide, benzocy-
lobutene (BCB), or silicon nitride.

44. The light-emitting device of claim 41, wherein:

the light-emitting diode comprises a pair of electrodes
opposing each other and a light-emitting layer arranged
between the electrodes,

one electrode of the pair of electrodes comprises a reflec-
tive layer that reflects light emitted from the light-
emitting layer, and

the optical resonance layer opposes the reflective layer
with the light-emitting layer arranged therebetween.
45. The light-emitting device of claim 44, satisfying
equation 6:

16=(n1)/2 (6)
wherein

16 is a distance from a reflection interface of the reflective
layer to an outer surface of the first layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

46. The light-emitting device of claim 45, wherein 16 is
controlled by adjusting a thickness of at least one of the first
layer and the interlayer.

47. The light-emitting device of claim 26, wherein the
substrate comprises at least one thin film transistor electri-
cally connected with the light-emitting diode.
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48. The light-emitting device of claim 26, wherein the
light-emitting diode comprises red, green, and blue pixels
comprising red, green, and blue light-emitting layers,
respectively, and the optical resonance layer has a different
thickness for each of the red, green, and blue pixels.

49. The light-emitting device of claim 26, wherein the
light-emitting diode is an organic light-emitting diode.

50. The light-emitting device of claim 26, wherein the
light-emitting diode is an inorganic light-emitting diode.

51. A light-emitting device comprising:
a substrate;
a light-emitting diode arranged on the substrate;

an optical resonance layer arranged on the light-emitting
diode and inducing resonance of light emitted from the
light-emitting diode; and

an interlayer arranged between the optical resonance layer
and the light-emitting diode.

52. The light-emitting device of claim 51, wherein the
optical resonance layer comprises a first layer and a second
layer, the first layer being arranged between the second layer
and the light-emitting diode, and the second layer having a
higher refractive index than the first layer.

53. The light-emitting device of claim 52, wherein the
second layer has a higher refractive index than the first layer
by 0.2 or more.

54. The light-emitting device of claim 52, wherein the first
layer has a refractive index in the range of 1 to 1.6.

55. The light-emitting device of claim 52, wherein the first
layer comprises nano porous silica, siloxane, magnesium
fluoride, calcium fluoride, Teflon, silica aero gel, or silicon
oxide.

56. The light-emitting device of claim 52, wherein the
second layer has a refractive index in the range of 1.6 to 2.3.

57. The light-emitting device of claim 52, wherein the
second layer comprises silicon nitride, titanium oxide,
hafnium dioxide, niobium oxide, tantalum oxide, antimony
oxide, synthetic polymer, or benzocylobutene (BCB).

58. The light-emitting device of claim 52, wherein the
interlayer is composed of a denser material than the first
layer.

59. The light-emitting device of claim 52, wherein the
interlayer has a refractive index in the range of 1.3 to 2.3.

60. The light-emitting device of claim 52, wherein the
interlayer comprises Ormocer, silicon oxide, benzocy-
lobutene (BCB), or silicon nitride.

61. The light-emitting device of claim 52, wherein:

the light-emitting diode comprises a pair of electrodes
opposing each other and a light-emitting layer arranged
between the electrodes,

one electrode of the pair of electrodes comprises a reflec-
tive layer that reflects light emitted from the light-
emitting layer, and

the optical resonance layer opposes the reflective layer
with the light-emitting layer arranged therebetween.
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62. The light-emitting device of claim 61, satisfying
equation 7:

£71=(n\)/2 @]
wherein

17 is a distance from a reflection interface of the reflective
layer to an interface between the first layer and the
second layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

63. The light-emitting device of claim 62, wherein t7 is
controlled by adjusting a thickness of at least one of the first
layer and the interlayer.

64. The light-emitting device of claim 61, satisfying
equation 8:

8=2n+1)M4 ®
wherein

t8 is a distance from a reflection interface of the reflective
layer to a bottom surface of the second layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

65. The light-emitting device of claim 64, wherein t8 is
controlled by adjusting a thickness of the second layer.

66. The light-emitting device of claim 61, wherein the
optical resonance layer comprises a first layer having a
refractive index in the range of 1 to 1.6, and the interlayer
has a refractive index in the range of 1.3 to 2.3.

67. The light-emitting device of claim 66, wherein the first
layer comprises nano porous silica, siloxane, magnesium
fluoride, calcium fluoride, Teflon, silica aero gel, or silicon
oxide.

68. The light-emitting device of claim 66, wherein the
interlayer comprises Ormocer, silicon oxide, benzocy-
lobutene (BCB), or silicon nitride.
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69. The light-emitting device of claim 66, wherein:

the light-emitting diode comprises a pair of electrodes
opposing each other and a light-emitting layer arranged
between the electrodes,

one electrode of the pair of electrodes comprises a reflec-
tive layer that reflects light emitted from the light-
emitting layer, and

the optical resonance layer opposes the reflective layer
with the light-emitting layer arranged therebetween.
70. The light-emitting device of claim 69, satisfying
equation 9:

19=(n\)/2 ©)]
wherein

19 is a distance from a reflection interface of the reflective
layer to an outer surface of the first layer;

n is a positive integer; and

A is a wavelength of light emitted from the light-emitting

layer.

71. The light-emitting device of claim 70, wherein t9 is
controlled by adjusting a thickness of at least one of the first
layer and the interlayer.

72. The light-emitting device of claim 51, wherein the
substrate comprises at least one thin film transistor electri-
cally connected with the light-emitting diode.

73. The light-emitting device of claim 51, wherein the
light-emitting diode comprises red, green, and blue pixels
comprising red, green, and blue light-emitting layers,
respectively, and the optical resonance layer has a different
thickness for each of the red, green, and blue pixels.

74. The light-emitting device of claim 51, wherein the
light-emitting diode is an organic light-emitting diode.

75. The light-emitting device of claim 51, wherein the
light-emitting diode is an inorganic light-emitting diode.
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